Lead is one of the most abundant and hazardous environmental contaminants of the global concern. Environmental and occupational exposure to lead has continued to pose a serious threat to the health of living organisms due to its propensity to induce toxicity in mammalian systems. The major aim of the present in vitro study was to investigate ameliorative potential of Phyllanthus fraternus against lead induced hepatotoxicity. Current synergistic study involves exposure of goat liver homogenate to different concentrations of lead acetate and specific concentration of Phyllanthus fraternus aqueous extract for particular duration. During the study, biochemical indices like lipid peroxidation (LPO), Protein levels and enzymatic activities of alkaline phosphatase (ALPase), acid phosphatase (ACPase) and succinate dehydrogenase (SDH) were measured. Results of the present study revealed that protein levels and enzymatic parameters of alkaline phosphatase as well as succinate dehydrogenase declined significantly while levels of lipid peroxidation and acid phosphatase increased significantly in lead acetate exposed goat liver homogenates as compared to control groups. The results also emphasized that effect of lead acetate was dose dependent. As the dosage of lead was increased, the intensity of damage to liver also found to be increased. Maximum alterations in all biochemical parameters were found at the dosage of 5 ppm. The results of the current study strongly suggested that lead had affected antioxidant system, protein content and activities of specific metabolic enzymes of liver homogenate. Co-administration of herbal aqueous extract of Phyllanthus fraternus (5 mg/ml) along with 5 ppm lead acetate to liver homogenate exerted an ameliorative effect and maintained the studied parameters closed to control group, which confers its protective role against lead induced hepatotoxicity.
to interrupt synthesis of sulfhydryl group containing proteins, inhibit enzymes activation, alter calcium homeostasis, inhibit the formation of heme containing protein cytochrome P-450 and lower the level of available sulfhydryl antioxidant reserves in the body leading to oxidative stress 5 . Therefore, it is extremely important to investigate protective measures against adverse exposure of this hazardous element.
Herbal plants can be used for therapeutic purposes, as they possess the potential to provide protective effects by counteracting the toxicity. Traditional knowledge does not provide systematic and mechanism wise ameliorative effects of various herbal plant extracts. anthraquinones, saponins, glycosides, resins, terpenes, sterols, quercetin and phenols 9, 10 . The plant is widely employed for the treatment of liver diseases such as hepatitis, jaundice and liver cancer. It is extensively used as digestive stimulant, pain reliever, diuretic, antispasmodic agent and fever reducer 11, 12 . It is also utilized to certain extent for treating disorders including anemia, diabetes, hypertension, anorexia, cold, tuberculosis, urinary stone, viral and bacterial infections.
Phyllanthus fraternus
Keeping this perspective in mind, investigation of the possible therapeutic role of aqueous extract of Phyllanthus fraternus as a protective agent against lead induced hepatic toxicity is necessary.
The objective of study was to understand the mechanism of lead toxicity on various biochemical changes such as alterations in lipid peroxidation, protein content and enzyme activities in goat liver homogenate in order to avoid the ethical concern of involving experimental animals. Another objective of the present study was to search for an agent, which could help in the amelioration of lead toxicity with maximum cost effectiveness and minimum side effects.
Therefore, to bridge this gap, an antioxidant, Phyllanthus fraternus extract was used as a therapeutic agent against lead intoxication in this study.
Materials and Methods

Experimental design
In the present study, experimental protocol was designed into two separate phases. Phyllanthus fraternus to lead acetate exposed homogenate for specific time duration to investigate an ameliorative effect of the antidote against lead toxicity.
Chemicals
The analytical reagent (AR) grade lead acetate trihydrate having 99% purity was obtained from HIMEDIA Laboratory Pvt. Ltd., Mumbai, India. All the other chemicals of AR grade used in the present study were procured from Sigma and Merck Laboratory Pvt.
Ltd., India. The herbal plant extract was prepared from the Phyllanthus fraternus whole plant powder obtained from L.V.G.
(Recognized Ayurvedic Herbal Store), Ahmedabad, India. 13 12.5 gm of coarsely grinded whole plant powder of Phyllanthus fraternus was mixed in 250 ml double distilled water and kept in orbital shaker incubator for 48 hrs at the speed of 100 rpm at 37°C.
Preparation of plant (Phyllanthus fraternus) extract
The plant extract content thus obtained was first filtered through ordinary filter paper and then through Whatman filter paper no. 1.
The filtrate was collected and evaporated till dryness. 100 mg of crude extract was dissolved in 10 ml of double distilled water and used for the present investigation.
Preparation of lead acetate solutions
0.010 gm of lead acetate was dissolved in 100 ml of double distilled water to prepare the stock solution of 100 ppm. A definite volume of this stock solution was used in a final volume of the reaction mixture, so as to get the required concentrations of lead acetate. 1 ppm, 3ppm and 5 ppm concentrations of lead acetate were used in the present study.
Sample collection
The goat liver was used as a vital organ for the study. Liver samples weighing approximately 250-350 gm of healthy adult goat (Capra hircus) were obtained from the approved local slaughter house. After sacrificing the animal, fresh liver tissue was brought to the laboratory under frozen condition and used immediately. The appearance of fresh tissue was dark reddish-brown color. Liver tissue was washed in normal saline, blotted dry by pressing between 2-3 folds of filter paper and divided into different experimental groups.
Experimental groups
The experimental protocol includes six experimental groups: (I) Group.
In vitro study
The tissues of different experimental groups were subjected to the 
Biochemical analysis
To analyze free radical induced cell injury by lead acetate, the levels of lipid peroxides were determined in liver homogenates. The 
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. At the end of the lead acetate treatment as well as Phyllanthus fraternus exposure, certain specific parameters of goat liver, including enzyme activities of alkaline phosphatase, acid phosphatase and succinate dehydrogenase were also investigated. The alkaline phosphatase and acid phosphatase activities were analyzed by the method of Bessey et al. 16 while the activity of succinate dehydrogenase was determined by method of Beatty et al. 17 . 0.1 gm of liver tissue was homogenized in the known amount of double distilled water for the estimation of soluble proteins, alkaline phosphatase, acid phosphatase and succinate dehydrogensase activities.
Statistical analysis
Student"s "t -test" was used for the statistical analysis of the data.
For each parameter (n=5), the data were expressed as mean ± SEM after subjecting to Student's "t -test" using GraphPad software for the interpretation of results. The significance difference was statistically considered at the level of p < 0.05.
Results
Lipid peroxidation
Results of the LPO in the goat liver homogenate exposed to different concentrations of lead acetate, Phyllanthus fraternus extract and related control in vitro are given in Table 2) .
Supplementation of aqueous extract of Phyllanthus fraternus as an ameliorative agent resulted in significant reduction in elevated MDA (malondialdehyde) levels in lead exposed group.
Protein levels
Lead acetate exposure caused the significant decline in the protein levels in goat liver homogenates compared to control ( Table   2 ). Supplementation of aqueous extract of Phyllanthus fraternus significantly maintained alkaline phosphatase activity closest to control group and exerted protective effect against lead toxicity.
Acid phosphatase (E.C.3.1.3.2)
Results revealed that acid phosphatase activity significantly increased as the dose of lead acetate was increased in goat liver homogenate ( Table 1 ). The increase in the enzyme activity at 1 ppm and 3 ppm lead exposure in homogenate cultures was represented as 4.71% (p < 0.0001) and 9.78% (p < 0.0001), respectively.
Statistically extremely significant elevation of p < 0.0001 (27.17%) of enzyme activity in liver homogenate was observed at 5 ppm concentration of lead acetate. Addition of 5 mg/ml aqueous extract of Phyllanthus fraternus to homogenate did not cause any significant effect. However, simultaneous addition of lead acetate (5 ppm) and aqueous extract (5 mg/ml) in goat liver homogenate significantly ameliorated (20.51%) the enzyme activity ( Table 2) . Addition of aqueous extract of Phyllanthus fraternus as the therapeutic agent significantly maintained acid phosphatase activity in lead exposed liver homogenate nearest to control group.
Succinate dehydrogenase (E.C.1.3.99.1)
A significant decline was observed in the activity of succinate dehydrogenase in lead exposed homogenate cultures compared to control (Table 1) succinate dehydrogenase activity as compared to lead (5 ppm) exposed group (Table-2 ) and exerted protection against lead induced hepatotoxicity.
Discussions
Data of the present study showed statistically significant elevated levels of malondialdehyde (MDA) in lead exposed groups compared to control group, which might be due to formation of highly reactive species having unpaired electrons known as free radicals. Oxidative stress results when the balance between antioxidant system and reactive oxygen species (ROS) is lost. Results of several studies suggested increased amount of ROS in lead-exposed animals, which corroborate with our data 18, 19 . The possible suggested mechanism for enhanced production of reactive oxygen species such as superoxide ions, hydroxyl radicals and hydrogen peroxide can be depletion of intracellular free radical scavenger glutathione. Most 
Conclusions
In conclusion, the findings of present study suggest the role of oxidative mechanisms in lead-acetate induced liver damage. From the current in vitro study, it can be clearly elucidated that heavy metal lead affects the anti-oxidative as well as other biochemical indices of goat liver possibly by inducing oxidative stress. Present research study also suggested that lead metal appears to cause an imbalance in the antioxidant defense system by inhibiting some related enzymes, thereby enhancing the free radical mediated peroxidation of lipids. The study findings also confer that lead adversely affects the protein content as well as energy and oxidative metabolism of goat liver. Thus, from the present in vitro study, it can be clearly concluded that lead exposure has a definitely destructive effect on the structural, metabolic and functional status of liver.
The current investigation also emphasized that co-administration of aqueous extract of Phyllanthus fraternus in liver homogenate significantly exerts protective effects against lead intoxication due to its well-known antioxidant and hepatoprotective properties. Thus, it is clearly revealed that Phyllanthus fraternus has a significant role in alleviating the lead toxicity. It acts as a therapeutic eliminator of heavy metals. Hence, this antidote could be a very effective and beneficial ameliorating agent against lead induced hepatic toxicity the world over.
The present investigation has elucidated the mechanism of action of lead induced hepatotoxicity and also suggested its amelioration, which can be considered as a significant contribution in the field of mitigation of plumbism in endemic regions.
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